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Introduction 
The Immigration Refonn and Control Act of 1986, 
Public Law 99-603 (commonly referred to as IRCA), con-
tained provisions having the intent of changing the supply 
and demand for hired labor on U.S. fanns. The legislation 
defined a new class of fann work called seasonal agricul-
tural services (SAS) which covers most of the fann work 
in producing and harvesting perishable crops, and a new 
class of alien workers called SA Ws. Because newly legal-
ized special agricultural workers (SAWs) might leave sea-
sonal agricultural services for other U.S. jobs, IRCA 
contained a provision for replenishing SA Ws. Replenish-
ment with alien workers was pennitted if a stated set of 
conditions was met. In IRCA, the worker shortage calcu-
lation was legislated to be a joint venture between the 
numbers derived by the U.S. Department of Agriculture 
(USDA) and the U.S. Department of Labor (USDL). The 
Census Bureau (CB) was to assist in providing some of the 
needed data. The SAS worker shortage has in fact been 
negative for each of the calculations. Thus, no RAW 
worker has been admitted to the United States. The SAS 
worker shortage calculations come to an end in fiscal 1992, 
unless new legislation is enacted. 
The purpose of this paper is to provide a report or 
assessment of the SAS labor shortage or the number of 
replenishment agricultural workers (RA Ws) needed. The 
contract indicated that particular attention should be given 
to ( L) determining whether or not an agricultural labor 
shortage exists and the adequacy and reliability of the data 
available to each of the three agencies involved in malting 
the calculation, (2) an assessment of the data needed to 
make an accurate determination of a labor shortage for the 
nation and up to ten regions, and (3) an assessment of the 
potential for determining from available data the total 
number of workers in seasonal agricultural services during 
a year and the number of such workers who are SA Ws. 
Although IRCA (Sec. 210A) laid out rather specific 
details about how the SAS worker shortage was to be 
computed, a surprising amount of this consultant's time 
went into trying to piece together the exact numbers going 
into the SAS worker shortage calculations. This occurred 
for two reasons. First, no single federal agency was given 
the lead role. The legislation gave the USDA and USDL 
major co-partner roles and the Census Bureau a secondary 
role. Each agency appears to have been intent on carrying 
out its own role, but no single agency was given the 
responsibility of summarizing the calculations in an easy 
to read report. Hence, no single summary of the SAS 
worker shortage calculation covering all fiscal years or any 
single fiscal year appears to exist before this report was 
undertaken. For each fiscal year, infonnation appears to 
have been transmitted from one administrator to another in 
memoranda. Second, when the administrators of 
the USDA and USDL discovered that the actual SAS labor 
shortage was negative and not positive, Little time appears 
to have been spent critically examining its exact size or the 
size of the components going into the calculation. Further-
more, the administrators interpreted the large negative SAS 
worker shortage numbers as zero replenishment workers, 
which is the number that was released to the public. Al-
though this is a reasonable interpretation, the court suits 
that ensued appear to have made most individuals involved 
Author: Wallace E. Huffamn, professor of economics and agricultural economics, Iowa State University, Ames, Iowa. 
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with the SAS worker shortage calculation sensitive to its 
careful scrutiny.1 
Assessment of the SAS Worker Shortage 
Numbers 
U.S. agriculture has a long history of using foreign 
workers. In 1942 the Bracero program, or bilateral agree-
ments with Mexico, British Honduras, Barbados and Ja-
maica, was established for entry of temporary foreign 
laborers to work in the United States. Part of the entrants 
under this program worked in agriculture. The Bracero 
program ended in 1964, and with its end, no program 
existed for large numbers of Mexican workers to enter the 
United States legally to work in agriculture. Given the 
differential in economic conditions between the United 
States and Mexico, including the large wage differential for 
low-skill agricultural labor, very large numbers of undocu-
mented Mexicans were being apprehended by the U.S. 
Immigration and Naturalization Service (INS) by the early 
1980s (see Heppel 1991, p 31-33). Some of these undocu-
mented workers were employed in agriculture, but exactly 
how many or what share of the work was being done by 
undocumented workers was unknown. Most employers of 
undocumented workers were not breaking the law by hiring 
them before IRCA. Farm labor contractors, however, were 
prohibited from hiring illegal aliens by the Migrant and 
Seasonal Agricultural Worker Protection Act. 
IRCA was enacted with the intent of changing eco-
nomic incentives for illegal immigration, and it contained 
special provisions for agriculture. 
Seasonal Agricultural Service (SAS) Workers 
There was an attempt to reduce the demand for labor 
provided by undocumented workers. First, sanctions could 
be imposed on employers for knowingly employing un-
documented workers. Beginning December l, 1988, em-
ployers had to complete Form l-9s, provided by the 
Immigration and Naturalization Service. On this form, the 
employer indicates that he(she) has checked each em-
ployee 's documents and determined that he or she is le-
gally authorized to work in the United States (i.e., "has 
apparently genuine documents"). They also had to com-
plete ESA-92 forms. On this form, employers were to 
report quarterly all workers with A-numbers in the 90-miJ-
lion-series and the SAS workdays of these workers. 
Second, individuals who had previously been in the 
undocumented or illegal alien worker category were given 
U.S. resident status and authorized to work. One set of 
individuals was given immediate U.S. resident status and 
rights to work. These were illegal aliens who had resided 
continuously in the United States after January 1, 1982. 
They could apply to the INS for legal U.S. resident status 
between May 5, 1987 and May 4, 1988. Over 1,759,000 
applied and about 1,655,000 were legalized (as of February 
1992) in this way. Only a very small share of these indi-
viduals appear to have been working in agriculture (Mines, 
Gabbard, and Samardick, 1992). Other undocumented 
workers were covered by a new Special Agricultural 
Worker (SAW) program. With this program, individuals 
previously classified as illegal aliens were given temporary 
U.S. resident alien status and the right to work in the United 
States. The condition for SAW status was that the alien 
previously performed fieldwork in the production of cer-
tain crops. The crops and qualified work were designated 
in IRCA as "Seasonal Agricultural Services." The USDA 
initially defined these crops, and later court cases refined 
the definition of the type of work that qualifies for SAW 
status. SAS crops include all fruits and vegetables and the 
vast majority of nursery products, cash grains, and field 
crops. SAS work does not include work in silage or other 
crop activities dedicated exclusively to producing animal 
fodder. In SAS crops, virtually all workers, including field 
packers, foreman, and supervisors were covered, but me-
chanics and secretaries were not included. Aliens who did 
fieldwork for at least 90 days in SAS crops between April 
30, 1985, and May 1, 1986, could apply to the INS for 
temporary resident status between June I , 1987, and No-
vember 30, 1988. 
About 1,272,000 individuals applied for SAW status 
and about 1,037 ,000 previously undocumented workers 
were granted SAW status (as of February 1992). The 
SA Ws were given immediate temporary special U.S. resi-
dent status and authorized to work in any occupation in the 
United States. The SAW workers represent a dramatic 
increase in legalized share of the agricultural work- force. 
The number of SAWs expressed relative to the total farm 
workforce is larger than 25 percent (based on USDA Farm 
labor estimate of a farm workforce of slightly less than 
4 million in July 1991) and relative to all SAS workers is 
This consultant is not questioning the decision of the USDA-USDL in releasing to the public a "O" for the RAW numbers. He did, 
however, find piecing together the exact numbers going into the SAS labor shortage calculations surprisingly difficult, and it may 
have been more difficult because the exact SAS labor shortage estimates (the negative numbers) had not been released to the public. 
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even larger. Mines, Gabbard, and Samardick (1992, p 46) 
conclude that IRCA-legalized workers comprised about 33 
percent of the current farm labor force, 29 percent were 
legalized under the SAW program and 4 percent under the 
general amnesty or other IRCA provisions. Because the 
SA Ws were not tied to SAS work, a justifiable concern has 
been the exit rate from SAS crop work and from agricul-
ture. The Census Bureau estimates that about 34 percent of 
the SAW s participated in SAS during fiscal 1990-1992 (see 
Coltrane 1992). Among SAWs that have worked in SAS 
crops, the USDL's estimate is that their exit rate has been 
surprisingly low (Mines et al. 1992).2 
Legislation Dealing With Labor Shortage 
"SEC. 210A. (a) Determination of Need to Admit 
Additional Special Agricultural Workers. 
"(!)In General. Before the beginning of each fiscal 
year (beginning with fiscal year 1990 and ending with 
fiscal year 1993), the Secretaries of Labor and Agriculture 
(in this section referred to as the 'Secretaries') shall jointly 
determine the number (if any) of additional aliens who 
should be admitted to the United States or who should 
otherwise acquire the status of aliens lawfully admitted for 
temporary residence under this section during the fiscal 
year to meet a shortage of workers to perform seasonal 
agricultural services in the United States during the year. 
Such number is, in this section, referred to as the 'shortage 
number'. 
"(2) Overall Determination. The shortage number is, 
"(A) the anticipated need for special agricultural work-
ers (as determined under paragraph (4)) for the fiscal year, 
minus 
"(B) the supply of such workers (as determined under 
paragraph (5)) for that year, divided by the factor (deter-
mined under paragraph (6)) for man-days per worker. 
"(3) No Replenishment If No Shortage. In determin-
ing the shortage number, the Secretaries may not determine 
that there is a shortage unless, after considering all of the 
criteria set forth in paragraphs (4) and (5), the Secretaries 
determine that there will not be sufficient able, willing, and 
qualified workers available to perform seasonal agricul-
tural services required in the fiscal year involved. 
"(4) Determination Of Need. For purposes of para-
graph (2)(A), the anticipated need for special agricultural 
workers for a fiscal year is determined as follows: 
An Assessment of the Process Underlying RAW Calculations 
"(A) Base. The Secretaries shall jointly estimate, us-
ing statistically valid methods, the number of man-days of 
labor performed in seasonal agricultural services in the 
United States in the previous fiscal year. 
"(B) Adjustment for Crop Losses and Changes in 
Industry. The Secretaries shall jointly 
"(i) increase such number by the number of man-days 
of labor in seasonal agricultural services in the United 
States that would have been needed in the previous fiscal 
year to avoid any crop damage or other loss that resulted 
from the unavailability of labor, and 
"(ii) adjust such number to take into account the pro-
jected growth or contraction in the requirements for sea-
sonal agricultural services as a result of 
"(I) growth or contraction in the seasonal agriculture 
industry, and 
"(II) the use of technologies and personnel practices 
that affect the need for, and retention of, workers to perform 
such services. 
"(5) Determination Of Supply. For purposes of para-
graph (2)(B), the anticipated supply of special agricultural 
workers for a fiscal year is determined as follows: 
"(A) Base. The Secretaries shall use the number esti-
mated under paragraph (4)(A). 
"(B) Adjustment for Retirements and Increased Re-
cruitment. The Secretaries shall jointly 
"(i) decrease such number by the number of man-days 
of labor in seasonal agricultural services in the United 
States that will be lost due to retirement and movement of 
workers out of performance of seasonal agricultural serv-
ices, and 
"(ii) increase such number by the number of additional 
man-days of labor in seasonal agricultural services in the 
United States that can reasonably be expected to result from 
the availability of able, willing, qualified, and unemployed 
special agricultural workers, rural low skill, or manual, 
laborers, and domestic agricultural workers. 
"(C) Bases for Increased Number. In making the 
adjustment under subparagraph (B)(ii), the Secretaries 
shall consider 
"(i) the effect, if any, that improvements in wages and 
working conditions offered by employers will have on the 
availability of workers to perform seasonal agricultural 
services, taking into account the adverse effect, if any, 
of such improvements in wages and working conditions on 
2 One reason for the discrepancy may be the incentives contained in IRCA for the types of employers to shift from farmers or growers 
to farm labor contractors over time. Fanners or growers appear to have much higher frequencies of compliancy to laws dealing with 
completing federal forms than do farm labor conrractors and this could explain some of the trend in the Census Bureau's estimates. 
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the economic competitiveness of the perishable agricul-
tural industry, 
"(ii) the effect, if any, of enhanced recruitment efforts 
by the employers of such workers and government employ-
ment services in the traditional and expected areas of 
supply of such workers, and 
"(iii) the number of able, willing and qualified indi-
viduals who apply for employment opportunities in sea-
sonal agricultural services listed with offices of 
government employment services. 
"(D) Construction. Nothing in this subsection shall be 
deemed to require any individual employer to pay any 
specified level of wages, to provide any specified working 
conditions, or to provide for any specified recruitment of 
workers. 
"(6) Determination Of Man-Day Per Worker Factor. 
"(A) Fiscal Year 1990. For fiscal year 1990 
"(i) In General. Subject to clause (ii), for purposes 
of paragraph (2) the factor under this paragraph is the 
average number, as estimated by the Director of the Bureau 
of the Census under subsection (b )(3 )(A)(ii), of man-days 
of seasonal agricultural services performed in the United 
States in fiscal year 1989 by special agricultural workers 
whose status is adjusted under section 210 and who per-
formed seasonal agricultural services in the United States 
at any time during the fiscal year. 
"(ii) Lack of Adequate Information. If the Director 
determines that 
"(I) the information reported under subsection 
(b)(2)(A) is not adequate to make a reasonable estimate of 
the average number described in clause (i), but 
"(II) the inadequacy of the information is not due 
to the refusal or failure of employers to report the informa-
tion required under subsection (b )(2)(A), the factor under 
this paragraph is 90. 
"(B) Fiscal Year 1991. For purposes of paragraph (2) 
for fiscal year 1991, the factor under this paragraph is the 
average number, as estimated by the Director of the Bureau 
of the Census under subsection (b )(3)(A)(ii), of man-days 
of seasonal agricultural services performed in the United 
States in fiscal year 1990 by special agricultural workers 
who obtained lawful temporary resident status under this 
section. 
"(C) Fiscal Years 1992 and 1993. For purposes of 
paragraph (2) for fiscal years 1992 and 1993, the factor 
under this paragraph is the average number, as estimated 
by the Director of the Bureau of the Census under subsec-
tion (b)(3)(A)(ii), of man-days of seasonal agricultural 
services performed in the United States in each of the two 
previous fiscal years by special agricultural workers who 
obtained lawful temporary resident status under this sec-
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tion during either of such fiscal years. (U.S. Statutes At 
Large 1986) 
The Agency Work To Be Done 
The legislation is clear about the definition of SAS 
worker shortage, relatively clear about the data needed for 
the calculation, and fairly clear about the federal agencies 
that have responsibility for these activities. Before the 
beginning of each fiscal year (beginning with fiscal year 
1990 and ending with fiscal 1992), the Secretaries of Labor 
and Agriculture were to jointly determine the SAS worker 
shortage. 
The USDA took the responsibility for establishing the 
base man-days of labor performed in seasonal agricultural 
services in the United States for the previous fiscal year. 
The legislation states that statistically valid methods were 
to be used. 
Although no written document appears to exist de-
scribing exactly how the "base man-days" numbers were 
obtained, the procedure appears to be as follows. The 
USDA derived its estimates from the Quarterly Agricul-
tural Labor Survey (QALS) run by USDA-NASS (Na-
tional Agricultural Statistics Service). There are 18 farm 
labor regions in QALS, including CA, FL, and HI (see 
Figure 1), and these regions are grouped into a smaller set 
of 11 SAS labor regions for determining base SAS man-
days. The SAS regions are Hawaii; Pacific region, exclud-
ing Hawaii; and the other 9 ERS production regions. QALS 
applies to the week of the 12th day of the month for 
January, April, July, and October. NASS assumes that the 
survey-week hours are a precise estimate of the average 
amount of work completed during the quarter, and for the 
SAS survey-week labor, they then multiply by 13 to obtain 
an estimate of total quarterly SAS work. After adding 
together the total amount of SAS workdays for each of the 
four quarters in a fiscal year and for 11 regions, the USDA 
obtains its national estimate of SAS workdays for the latest 
year. 
In arriving at the projected need for SAS workdays in 
the next fiscal year, the USDA has carried out their adjust-
ments described in the legislation. These adjustments are 
( l) for added man-days to offset crop damage or loss in the 
last fiscal year due to unavailable labor, (2) change in 
man-days needed in the next fiscal years due to projected 
changes in technology and personnel practices, and (3) 
change in man-days needed due to projected change in 
production of SAS crops. When all of these adjustments 
are added together, they provide an estimate of the one-year 
change in national SAS man-days needed. 
In the Agricultural Labor Survey, NASS asks about 
( 1) man-days of labor used during a particular time period, 
Figure 1 - Farm Labor Regions 
Region 
Northeast I 
Northeut II 
Appalachian I 
Appalachian II 
Southeast 
Lake 
Cornbelt I 
Cornbelt II 
Delta 
Northern Plains 
Southern Plains 
Mountain I 
Mountain II 
Mountain Ill 
Pacific 
An Assessment of the Process Underlying RAW Calculations 
~IDA 
States 
CT, HE, HA, NH, NY, RI, VT. 
DE, HD, NJ, PA. 
NC, VA. 
KY, TN, WV. 
AL, GA, SC. 
HI, MN, WI. 
IL, IN, OH. 
IA, MO. 
AR, LA, HS. 
KS, NE, NO, SD. 
OK, TX. 
ID, KT, WY. 
CO, NY, UT. 
AZ, NH. 
OR, WA. 
Agricultural Statistics Board 
NASS, USDA 
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(2) man-days needed to prevent economic loss during 
previous 12 months, and (3) expected change in field 
workers need for the next 12 months. Eight different major 
crops or crop categories are used and one category called 
other crops. Numbers from the survey are used directly in 
obtaining the annual base SAS workdays estimate and the 
adjustment for man-days needed to "prevent economic 
loss." The data area also used in making the other adjust-
ments. For making the adjustment due to change in produc-
tion, the USDA prepares estimates of the percentage 
change in production of the eight major crop categories 
using a variety of procedures, partly based on commodity 
analysts' judgements and part based upon the USDA's 
baseline model. The adjustment in man-days for change in 
production of SAS crops in the next fiscal year is obtained 
primarily by multiplying the predicted percentage change in 
production by the base man-days estimate of the preceding 
year for each major commodity or commodity group and then 
summing over groups to obtain a total man-days estimate. 
After adjusting upward the sample size and coverage 
of QALS, the data based for determining adjustments in 
need for SAS workdays appears to be adequate. Further-
more, the USDA's procedures for estimating the base SAS 
man-days and adjustments appear reasonable. The lack of 
summary reports containing details of adjustments in man-
days makes it difficult, however, to find major faults with 
the approach or suggest alternative methods for achieving 
the legislated objective. 
The USDL took the responsibility for estimating the 
change in the supply or available SAS labor for the next 
fiscal year (starting in fiscal 1990 and continuing to fiscal 
1993). The legislation states that in determining the pro-
jected supply of SAS labor, the same base SAS man-days 
is to be used as for determining the (projected) need or 
demand. Thus, the USDL's job was to adjust for retire-
ments and recruitment along lines suggested in the legisla-
tion. In particular, these adjustments required a projection 
of the: 
(1) decrease in man-days of SAS due to retirements 
and movement of workers out of SAS and (2) increase in 
SAS man-days that can be expected from able, willing, 
qualified, and unemployed SAWs, rural low skill (or man-
ual) laborers, and domestic agricultural workers. 
The USDL set out to complete its part of the job as 
follows: to project a change to the next fiscal year in SAS 
man-days due to the (1) net change in man-days by SAS 
workers and (2) potential entry of non-SAS workers into 
SAS work. For making the first estimate, the USDL initi-
ated a new survey, the National Agricultural Workers 
Survey (NA WS). For making the second estimate, the 
USDL used both survey and nonsurvey procedures, and the 
procedures appear to be modified significantly over time. 
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The USDL contracted with Aguirre International (AI), 
San Mateo, CA, to design NA WS. Considerable attention 
was given by the USDL to the fact that SAS laborers were 
a difficult population to reach by survey methods. AI chose 
to develop an employer list in order to obtain a list of SAS 
workers for its SAS labor supply surveys. AI decided to 
rank U.S. counties by their total crop labor expenditures in 
the 1982 Census of Agriculture, group them into crop 
reporting districts, stratify the crop reporting districts by 
their labor expenditures, and then select sample counties or 
crop reporting districts from high, medium, and low farm 
labor expenditure strata. The selected crop reporting dis-
tricts included 160 to 200 counties across the United States, 
and AI settled on an initial sample of 60 counties in 34 site 
areas scattered across 25 states. The sample was later 
expanded to 73 counties to get better coverage of SAS labor 
(see Figure 2). These counties have been organized into 12 
SAS labor regions for preparing statistical estimates (see 
Table 1). 
Table 1 - Comparison of Regional Groupings of 
States for NA WS and QALS 
Comparable USDA 
USDL NAWS Farm Labor Regions 
Regions States (QALS) 
CA CA 
2 FL FL 
3 CT, ME, MA, NH, 
NY, RI, VT Northeast I 
4 DE, MD, NJ, PA Northeast II 
5 NC, VA, KT, TN, WV Appalachian I & II 
6 AR, LA, MS, AL, GA, 
SC Delta & Southeast 
7 MI,MN, WI Lake 
8 IL, IN, OH, IA, MO, Corn Belt (I & II) & 
KS, NE, ND, SD Northern Plains 
9 OK,TX Southern Plains 
10 ID, MT, WY, CO, NV, 
UT Mountain I & II 
I I AZ,NM Mountain m 
I2 OR,WA Pacific 
Source: Aguirre International, "First Annual Report: The Calculation of 
the New Entry/Exit Rate of SAS Workers for Fiscal Year 1989, "Aug. 
1989; U.S. Dept. Ag. Farm Labor Aug. 1991. 
Figure 2 - NA WS Sampled Counties 
Source: Mines et al. 1992 
The USDL's interviews were of two basic types: in-
itial surveys collecting a variety of information including 
work history information for the previous two years and 
follow-up surveys. The two-type interviews were needed 
to get at the seasonal nature of SAS work. AI located about 
350 employers who were initially willing to participate in 
terms of giving names of workers. Al interviewed about 
3,000 new workers in FY 1989 (about 1,250 in October 
1988, 250 in January 1989, 500 in April 1989, and 1,000 
in July 1989). The workers when interviewed in FY 1989 
were asked about their SAS activities in FY 1988. To get 
at the seasonal aspects of SAS work, the USDL classifies 
workers as "new entrants," "stayers," and "exiters." This 
information was important for being able to make an as-
sessment of the net change in SAS workers. 
· "New entrants" were defined as individuals who were 
interviewed in July of a particular year and found to be 
working in seasonal agricultural services and also who 
reported less than 15 days of SAS during the year extending 
backwards from July of the preceding year. "Stayers" and 
"exiters" were defined based on follow-up surveys of Oc-
tober interviewees during the following April to July pe-
An Assessment of the Process Underlying RAW Calculations 
riod to see if they are continuing to engage in SAS. "Stay-
ers" are individuals who report more than 15 days of SAS 
in two successive fiscal years. "Exiters" are individuals 
who report 15 or more days of SAS in one fiscal year but 
report less than 15 days in the following fiscal year (see 
Gabbard 1991; Aguirre Int. 1989). When the USDL's 
estimate of a net exit rate for the next fiscal year is com-
bined with the USDA's estimate of base SAS man-days, 
an estimate of the net loss in SAS man-days available due 
to exit of SAS workers is obtained. 
The methods used by the USDL for adjusting for 
potential entry into SAS work was roughly as follows 
(based on a memo from R. Mines). For fiscal 1990, the 
estimate was based upon one universe, the Unemployment 
Insurance claimants from agricultural areas. Mathematica 
Inc., Princeton, NJ, interviewed by telephone UI claimants 
in these areas who fitted a particular income description. 
For individuals who said they would be willing to do farm 
work at the going wage, they were asked about the number 
of days they would be willing to work during the next fiscal 
year in agriculture. (For this group, the aggregate number 
was 3.8 million man-days.) 
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For the fiscal 1991 estimate, the USDL expanded its 
efforts. First, it started by adjusting the 3.8 million estimate 
of 1990 for the change in unemployment rate. Second, the 
USDL hired Aguirre International to survey Job Service 
applicants in rural areas. Among the applicants who had 
farm labor experience, they identified a sample that was 
willing to work full-time at heavy hand labor. These indi-
viduals were asked about the number of days they would 
be willing to work during the next fiscal year in agriculture. 
Third, the USDL hired Micromethods Inc., Berkeley, CA., 
to estimate the population of rural unemployed who never 
collect unemployment insurance or register at Job Service 
offices, yet are available and fit for farrnwork. Mi-
cromethods made such an estimate for three areas, Florida, 
Texas, and California. The estimated SAS man-days avail-
able from this group comprised a small addition to the 
projected increase in SAS man-days available from non-
SAS laborers. (The total e~timate of the increase in avail-
able SAS man-days from these groups for fiscal 1991 was 
31.0 million.) 
For the fiscal 1992 estimate, the USDL adjusted the 
first and third numbers from 1991 for the change in unem-
ployment rate to get new estimates. Aguirre International 
continued to survey Job Service applicants in rural areas as 
in 1991. All three numbers were combined together to 
obtain the fiscal 1992 estimate. For fiscal 1993, the USDL 
scaled down efforts on this component further because of 
a lack of funds. All numbers used in 1992 were adjusted 
for the change in unemployment rate to obtain the new 
fiscal 1993 estimate. 
In reviewing the methods used by USDL to obtain 
adjustments in available SAS days for each new fiscal year, 
one might be very critical. Ignoring cost considerations, 
their adjustments under IRCA's guidelines could have 
been made in many different ways. The USDL was at-
tempting, however, to make adjustments or projections in 
work behavior for groups that have been difficult to reach 
with survey methods. Before IRCA, very little information 
existed about the characteristics and work behavior of field 
labor used in U.S. crop production. Similarly, very little 
recent research had been undertaken to examine the reser-
vation wage required to attract U.S. unemployed or other 
domestic low-wage labor into field work in U.S. crops. 
Consequently, the established knowledge base upon which 
the USDL started in 1989 was weak relative to the tasks to 
be completed. 
What are, however, some of the problems with the 
methods that the USDL applied? I will focus only on a few 
key ones. First, although NA WS has advantages, it was not 
well designed for identifying participation in SAS by un-
paid farm family labor or of farm family members who 
were paid a wage for farm work. It focused on hired or 
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contract nonfarm operator family labor. In some regions of 
the country (e.g., most of the northern half of the United 
States), this poor coverage of labor in farm operators' 
households might be important for the adjustments in 
projected available SAS workdays for the next fiscal year 
as required in IRCA. How can this deficiency be corrected? 
In future NA WS, greater coverage of individuals in farm 
operator households should occur. 
Second, the methods for estimating SAS man-days 
available in the next fiscal year from non-SAS workers 
were cobbled together. Furthermore, the populations of UI 
and Job Service applicants most likely overlapped. Thus, 
these two estimates are most likely related, and adding the 
two separate estimates together biases upward the estimate 
of the total. Finally. responses to hypothetical questions are 
frequently poor predictors of actual behavior. 
My recommendation for change are as follows. In 
some sense under lRCA, all U.S. non-SAS workers are 
potential SAS workers. This definition seems too broad. 
Given that less than 2 percent of the U.S. labor force is 
engaged annually in SAS, this definition makes the popu-
lation that must be surveyed very large, and for almost all 
of them, questions about participating in seasonal agricul-
tural services are about behavior that is far from their past 
experiences. In future IRCA legislation, the definition of 
potential SAS workers should be narrowed to a well de-
fined population that can be surveyed at a modest cost. For 
example, the population might be defined as all Job Service 
applicants in the preceding year who had prior work expe-
rience in agriculture (broadly defined and not necessarily 
in SAS) or who were looking for some type of agricultural 
work. This approach would remove problems of overlap-
ping survey populations and reduce the serious biases in 
forecasts of behavior that come from answers to hypotheti-
cal questions that are outside of interviewees' experiences. 
Before the end of each fiscal year, starting in fiscal 
1989, the Bureau of the Census was to determine the 
average number of man-days of seasonal agricultural serv-
ices performed by SA Ws. Employers of SAS labor were 
required to complete ESA-92 forms, and the Census Bu-
reau computed the average number of man-days of sea-
sonal agricultural services performed by SAS workers 
having SAW alien numbers. More of the details are re-
ported by Coltrane (1992). Given the guidelines in !RCA, 
the producers are straightforward and appear reasonable. 
The Actual SAS Worker Shortage Estimates 
A summary of the numbers for the four fiscal years 
1990-1993 used in the SAS workers shortage calculations 
are reported in Table 2. My objective is to show an inter-
ested reader how all of the basic adjustments fit together 
-.l 
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TabJe 2 - CaJruJation of the SAS Jabor (worker) shortage or the RAW calruJation, fiscal 1990, 91, 92 and 93. 
Item 
A. Estimate of worlt-days of hired labor needed [USDA-NASS.QUALS] 
(i) Base worlt-days in SAS crops, lOOO's (i.e~ work-days of field work pclfonned by all 
workers in SAS crops in previous fiscal year) . . . ... . .. . . ... ..... . . . .. . ...... . . . .. .. . 
(a) Adjustments in base worlt-days for economic k>ss (i.e., worlt-days of hired field labor 
needed ID have Jll"CVented economic loss in SAS crops in previous fiscal year due to 
U11aVailability of hired labor) . ... . • . .• •. ... • .•.. . • . • . ...• . ..•..•••• . .....•• . •.•• 
(b) Adjustment in base worlt-days for projected change in technology and pc:rsonncl 
practices (i.e., forecast of change from past fiscal year in worlt-days of hired f1eld labor 
required in production of SAS crops due to on-fum changes in technology and pc:rsonncl 
practices) . . ...... . ... . .. . . ... . . .. . ... .. .. . . . .. . . . . . ... .. . .. .. .. . . .... . .... . 
(c) Adjustment in base work-days due to change in production of SAS crops (i.e., forecast 
of change from preceding fiscal year in worlt-days of hired field labor to ICCOllllllodale 
change in production of SAS crops) . .. . ...... ... ..... .. . . .. .. ...... . ....... . ... . 
(ii) Estimate of change in work-days needed, lOOO's [a+b+c:] .. . . . .. . .. ... .. .... ..... . 
B. Estimales of work-days of SAS labor available 
(i) Exit (Entry) Rate to SAS labor [USDL-Aguirrc Int/NA WS] 
(a) Exit nte from SAS work, fiscal year basis ..... . . . .............. . ... . ....... . . 
(b) Entry rate to SAS worlt, fiscal year basis ............ . . .. . ............ .. . . •. . . 
(c) Change in houn of SAS labor by SAS au.yen, fiscal ye• basis . . .• • .• ....•..• . ••. 
(d) Netexit(-)orentry(+)ofSASlabor[a+b-+c] .. . . . .. ..... . .... ..... ..... .. .. . . 
(Ii) Estimate of net change in worlt-days of SAS labor by "SAS worlten". lOOO's [i.e., base 
work-days needed or A(i) x net entry nte or B(d)) . . .. . ... .•. . ...• . .. . .. . . . ..... . . . .. 
(iii) Estimated potential entry of nm-SAS worlten into SAS worlt due to improved 
economic conditions in SAS labor, l,OOO's [USDL) . .. . ... .... . .......... . ....... . .. . 
(iv) Net change in SAS labor available [(iii)+(ii)] . . ....•.... . • •. • • ... .. •.•• .. .•..••• 
C. Estimate of shortage of SAS hired labor 
(i) Shortage of SAS work-days, lOOO's [A(ii)-B(iv)) ........... .. .. . .. ... .......... . 
(Ii) Average SAS worlt-days per SAW worker (CB) . . ........ . . . .. ...... .. . ... . .. . . 
(Iii) Shortage of SAW work.en, IOOO's [C(i) C(ii)] . . . ... .... . ... . ... ... . .. . . ...... . 
•A sli1ht discrepancy 1ppC&n lo arise due to roundina. 
Sowces: U.S. Department <I A~, U.S.~ of Labor, 1nd U.S. Census Buruu. 
Fiscal Filcal 
1990 1991 
146,100 days 1(10,800 days 
1,300 days l,lOOdays 
100 days 300day1 
6,600days 6,400days 
(+) 8,000 days (+) 7,800 days 
(-) 5.9% (-) 0.7% 
(+) 7 .4% (+) 7.3% 
(+) 8.()% (-) 0.8% 
(+) 9.S'-' (+) 5.9'-' 
(+) 13,880 days (+) 9 ,487 days 
(+) 3,800 days (+) 31.000 days 
(+) 17,680days (+) 40,487 days 
(·) 9,680 days -) 32,687 days 
8S days 85 days 
(-) 113.96 (·) 384.6 
workers worlten 
Fiscal 
1992 
158,000 days 
-
700days 
200days 
5,900days 
(+) 6,800 days 
(-) 0.3% 
(+) 3.9% 
(+) l.Cl% 
(+) 4 .7%' 
(+) 7,426days 
(+) 38,200 days 
(+) 45,626 days 
(-) 38,826 days 
8S days 
(-) 456.8 
worbn 
Jl'-l 
1993 
158.000daya 
800daya 
Odays 
900days 
(+) l ,700days 
(-) 1.3% 
(+) 4 .4% 
(+) 2.7% 
(+) S.8% 
(+) 9,216days 
(+) 45,lOOdays 
(+} 54,316 days 
(·) 52,616 days 
82days 
(-) 641.7 
worlten 
~ [ 
~ 
s, 
~ [ 
i 
~ ~ 
~ 
~ 
~ 
.. 
r:::. 
~ 
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consistently into the "bottom Line" SAS worker shortage 
number. Considerable work went into acquiring these 
numbers and checking and reconciling apparent inconsis-
tencies. Hence, at this time this report contains the only 
summary of all of these numbers in a single place. 
The base annual man-days used in the calculations are 
reported in the first row of Table 2.3 The base was 146. l 
million man-days for fiscal 1990, and for later years, it is 
158.0 to 160.8 million man-days. This base is the estimate 
of actual SAS man-days for the preceding fiscal year. 
The adjustments made by the USDA to needed SAS 
man-days are reported in lines B(i)[(a)-(c)) or lines two 
through four of Table 2. The adjustment due to change in 
technology and personnel practices turned out to be quite 
small relatively. The adjustment due to economic loss in 
the preceding fiscal year is relatively modest in size (.8 
million to 1.3 million). The adjustment due to change in 
projected change in production of SAS crops was relatively 
large in fiscal 1990-1992 (5.9 to 6.6 million man-days) but 
quite small for fiscal 1993. The net estimate of change in 
SAS man-days then appears in the fifth row of Table 2 (line 
A(ii). The numbers are 8.0, 7.8, 6.8 and 1.7 million man-
days annually for the fiscal years 1990 through 1993, 
respectively. Reflecting on each of the three components, 
it is clear that the adjustment for change in technology and 
personnel practices was a very small part of the total 
adjustment. 
The adjustments undertaken by the USDL appear in 
section B of Table 2. First, the net exit-entry rate of SAS 
labor is reported on lines B(i)[(a)-(d)). On net, the change 
is positive indicating more man-days being available from 
SAS workers; 9.5%, 5.9%, 4.6%, and 5.8% in fiscal 1990 
through 1993, respectively. Then these rates are converted 
into the adjustment for available SAS man-days by SAS 
workers in line B(ii) after multiplying by base man-days 
[from line A(i)). The numbers are 13.9, 9.5, 7.3, and 9.2 
million additional man-days projected as being available. 
The USDL's adjustment for SAS man-days available 
from potential entry of non-SAS workers is reported in line 
B(iii). These are the same numbers described in the pre-
vious subsection. Hence, the USDL's total adjustments 
in SAS man-days available are summarized in line B(iv). 
These numbers are 17.7, 40.5, 45.5, and 54.3 million 
man-days for fiscal 1990 through 1993, respectively. 
Clearly after the first year, the adjustment for available 
man-days from potential entry of non-SAS workers is large 
in the total adjustment in available labor. 
The translation of the adjustments in need and avail-
ability into the net shortage in man-days and SAS workers 
is presented in section C, Table 2. In each fiscal year, the 
shortage of SAS man-days is essentially obtained by sub-
tracting the USDL's (net) adjustment in SAS man-days 
available [line B(iii)) from the USDA's (net) adjustment in 
SAS man-days needed [line A(ii)). These numbers are 
reported in line C(i), and they are -9.7, -32.7, -38.7, and 
-52.6 million man-days, meaning that the projected in-
crease in available man-days was larger than the projected 
increase in need. 
These man-days are translated into a number of SAS 
workers by using the SAW average annual man-day-per-
worker factor. The factor reported by the Census Bureau 
are reported in line C(ii). When net man-days in line C(ii) 
are divided by the man-days-per-worker factor, the "short-
age of SAS workers" is obtained. This shortage number is 
the one on the bottom line of Table 2 [C(iii)); -113.9, 
-384.6, -456.8, and -641.7 thousand workers, respectively 
for fiscal 1990 through 1993. 
Public Law 99-603 clearly states "no replenishment if 
no shortage." This is one rationale for the public release of 
a "O" for the number of replenishment agricultural workers 
(RA Ws) needed in each of the fiscal years 1990-1993. 
Credibility and Reliability of SAS Labor Shortage 
Estimates 
The SAS labor shortage calculations reported in Table 
2 for each fiscal year are an estimate, i.e., the true value is 
unknown, and sample information is used in deriving the 
estimate. How much credibility should we give to these 
estimates? 
First, there is a large amount of non-survey based 
information that supports the basic conclusion presented in 
Table 2. After reviewing a large number of case studies and 
other information, Heppel and Amendola (1991), Kissam 
and Griffith (1991), and Mines, et al. (1992) conclude that 
IRCA did not cause a shortage of SAS labor. These authors 
plus Thompson and Martin ( 1991) and Duffield and Gunter 
(1991) concluded that the net effect to date of IRCA has 
been to increase SAS labor supply relative to what it would 
have been without IRCA. Furthermore, they concluded that 
there has been a "surplus" of SAS labor. Heppel and 
Amendola (1991, p 44-46), also, provide empirical evi-
dence on the behavior of real wage rates during 1982-90 
for field work and for piece rate work showing no signifi-
cant increase in these real wage rates during the post-IRCA 
3 The tenn "man-day" means a calendar day when at least 4 hours of seasonal agricultural service work was completed. 
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period. These fann wage rates are significantly below the 
real average wage rates in U.S. manufacturing (production 
workers) and for construction workers, and during the 
post-IR CA period, significant improvement in the wage for 
farm field work and piece rates compared to wage rates in 
manufacturing and construction did not occur. Thus, this 
non-survey information supports the SAS worker surplus 
calculation. 
Second, although the basic conclusion from the SAS 
worker shortage number appears correct, the exact number 
produced in the calculation may be in error. The national 
number is an estimate. Its exact value is determined by the 
particular sample and nonsample information used in the 
calculation. If the same process were repeated several 
times to obtain the SAS labor shortage estimate, the num-
bers would be different. Thus any particular SAS worker 
shortage number generally contains some component of 
error. The discussion of the derivation of the SAS labor 
shortage in the previous section highlighted only a small 
part of the long sequence of steps required. At each of these 
steps, an estimate is obtained and has associated with it 
some degree of error or variability in repeated application 
of procedures. 
Although we do not have all of the information to 
reach a probability statement about the SAS worker short-
age estimate, the USDA-NASS and USDL have provided 
information about the precision of some of the components 
of the SAS worker shortage estimate. 
The Farm labor and SAS labor Estimates of the USDA-
NASS 
The farm labor survey by NASS is an employer or 
farm operator based survey.4 Two samples of farm opera-
tors are selected. First, NASS maintains a list of farms that 
hire fann workers. Farms on this list are classified by size 
and type. Those expected to employ large numbers of 
workers are selected with greater frequency than those 
hiring few or no workers. A second sample consists of 
segments of land scientifically selected from aerial photog-
raphy. Each June, highly trained interviewers locate each 
selected land segment and identify every farm operating 
land within the sample segment's boundaries. The names 
of farms found in these area segments are matched against 
the list of farms; those not found on the list are included in 
the labor survey sample to represent all farms not on the 
NASS list. This methodology is known as multiple frame 
sampling, with an area sample used to measure the incom-
An Assessment of the Process Underlying RAW Calculations 
pleteness of the list AdditionaUy, a list of agricultural 
service firms is sampled in California and Florida. 
Two types of errors, sampling and nonsampling, are 
possible in an estimate based on a sample survey. Both 
types affect the "precision" or reliability of the estimates. 
Sampling error occurs because a complete census is not 
taken. The sampling error measures the variation in esti-
mates from the average of all possible samples. An estimate 
of J 00 with a sampling error of l would mean that chances 
are 19 out of20 that the estimates from all possible samples 
averaged together would be between 98 and 102; which is 
the survey estimate, plus or minus two times the sampling 
error. The sampling error expressed as a percent of the 
estimate is called the relative sampling error, frequently 
called the "coefficient of variations." The relative sampling 
error for the number of hired workers generally ranged 
between 15 and 25 percent at the published state level. 
Relative sampling errors for the all hired farm worker wage 
rate generally ranged between 2 and 3 percent (USDA, 
Farm labor March 1992). Nonsampling errors can occur 
in complete censuses as weU as in sample surveys. They 
are caused by the inability to obtain correct information 
from each operation sampled, differences in interpreting 
questions or definitions, and mistakes in coding or proc-
essing the data. Special efforts are taken at each step of the 
survey to minimize nonsampling errors. 
Table 3 presents estimates of the coefficient of vari-
ation for needed SAS man-days going into the USDA-
NASS's calculation. The coefficient of variation at the 
national level for needed SAS man-days was 3.7 percent 
for 1990 and 4.4 percent in 1991. These national estimates 
are relatively precise, but the precision of the regional 
estimates of need going into this calculation are much 
larger (see Table l). The national estimates are relatively 
more precise than regional estimates because "errors" 
across regional estimates tend to cancel out. 
Table 3 also presents coefficients of variation at the 
national level for adjustments in needed SAS man-days due 
to unavailable hired SAS labor and to change in technology 
and personnel practices. Although the (point) estimates for 
these man-days are much smaller than for base needed SAS 
man-days (see Table 2), the adjustments to needed man-
days are estimated less precisely. The coefficient of vari-
ation of the adjustment in man-days due to unavailable 
SAS workers was about 20 percent in fiscal 1990 and 1991 
and due to change in technology and personnel practices 
was 50 percent in 1990 and 32 percent in 1991. The primary 
reasons for the low degree of precision in these adjustments 
4 The next two paragraphs draw heavily from the statement about the USDA-NASS farm labor survey in Farm Labor (March 1992). 
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Table 3 - Coefficients of Variation (C.V.s) for 
IRCA Components Used to Estimate Need 
Agricultural Labor Survey, 1990-1991 
(Unpublished). 
Item/Regions 1990 1991 
SAS Days Worked Percent 
United States .................... . 
Northeastern ... ................. . 
AppaJachian .................... . 
Southeastern . ................... . 
Lake ............. . ............ . 
Cornbelt ....................... . 
Delta .......................... . 
Northern Plains .. . .......... . .... . 
Southern Plains .................. . 
Mountain ...................... . 
Pacific ......................... . 
Hawaii ......................... . 
SAS Days Needed to Prevent Economic 
Loss - U.S. level .................. . 
Change in SAS Days Due to Change in 
Technology and Personnel Practices -
U.S ............................. . 
3.7 
24.2 
8.9 
8.9 
12.6 
11.5 
20.l 
9.7 
15.4 
10.0 
5.4 
11.7 
21.0 
49.5 
Source: Correspondence, Rich AUen, NASS, July 10, 1992 
4.4 
10.4 
9.6 
10.2 
13.2 
16.4 
12.9 
9.7 
23.2 
22.0 
8.1 
13.0 
19.7 
31.9 
to man-days is the low relative frequency at which these 
events occur on farms. Furthennore, it would take very 
large sample sizes of farms (and be very expensive) to get 
these coefficients of variation down to the precision of the 
needed SAS work-day estimates. The USDA-NASS pre-
dicts the adjustment of SAS man-days needed because of 
expected change in acreage of SAS crops by using an 
econometric equation. Although it does not produce a 
standard error for this adjustment, it could in principle 
modify its procedures so that it could do so. 
The Availability of SAS labor Estimates by USDL 
The survey based part of the USDL's SAS labor 
shortage is based primarily upon the NA WS and PAWS. 
The USDL has produced a measure of precision of their net 
exit-entry rate. For 1992, the estimate of the net entry rate 
was 3.9 percent and the coefficient of variation was 62 
percent. Although this rate seems a bit large, it should be 
compared more closely with the coefficient of variation for 
the adjustments in needed SAS man-days than with 
the USDA's estimate of base SAS man-days needed.5 
Recall, however, that the "estimate of net change in 
SAS man-days" required multiplying the "net exit-entry 
rate" by the USDA's estimate of "base SAS work-day 
needed," and one might be inclined to compute the preci-
sion of"net change in SAS man-days available" by treating 
"base SAS work-day needed" as a constant.6 This, how-
ever, is not appropriate because of the nonzero sampling 
error contained in NASS's base man-days-needed esti-
mate. If the error in the estimate of the "entry-exit rate" and 
"base man-days-needed" are independent (roughly mean-
ing unrelated), "net man-days available" will be estimated 
less precisely, using the coefficient of variation measure, 
than if"base needed SAS man-days" was a constant.7 If the 
errors are not independent as seems most likely to be the 
case, then the joint distribution of the errors in estimating 
the "net exit rate" and "base man-days-needed" would need 
to be examined before a precise statement about the com-
pounding or mediating nature of sampling errors can be 
made. 
The second part of the USDL' s estimate of change in 
"SAS man-days available" is the estimate of change in SAS 
5 To see this, assume that y = xz, where "z" is the "net exit rate," "x" is the "SAS work-days needed," and "y" is the "net exit in 
work-days." Next consider y and z random with repeated samples of size non y and z, having sample mean or average values for 
y ofy and for z ofz, and xis a fixed parameter. Furthermore, the two means are related, y = xz. 
N 'de th . f ( I . I . b"J" f ) CV( ) .../var(y) .../x2var(z) .../var(z) ) ext cons1 r e vanance o y or re alive vana 1 ny o y : y = ----= -- -= CV(g . y xz z 
Thus, under the assumption of constant or fixed x, the coefficeint of variation of y and z are the same or y and z have the same 
relative variability. These same priciples apply when y is an estimate of y and 2 is an estimate of z. 
6 This assumption was made for the caJculation presented in footnote 5. 
7 Continuing with the notation developed in footnote 2 except that x is random (not a constant), and z and x are independent, then 
mean of y is y = xz, where xis the mean of x. The variance of y is now var(y) = X2 var(z) +? var(x), where var(x) is the variance 
of x. ..JXi var(z) +? var(x) 
Now the coefficient of variation of y is CV(y) = --......:....'=-- ~ 
xy 
Given that variances are aJways positive, X2 var(z) +? var(x) > X2 var(z). Thus, the relative precision of y will decrease when x is 
random (not a constant) compared to the outcome when x is fixed (say taking a value equal to its mean when x is random). 
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man-days available because of entry of non-SAS workers 
into SAS work because of relatively improved economic 
conditions in SAS work. This component of the adjustment 
in available SAS man-days was difficult to estimate, and 
no sampling error exists for these estimates. This is unfor-
tunate because when we compare the relative size of 
change in SAS man-days from non-SAS workers (line 
B(iii), Table 2), to the estimate of the overall "net change 
in SAS labor available" (line B(iv), Table 2), we see that 
the relative importance of potential entry is large in fiscal 
1991-1993. Thus, the precision of this component of net 
change in available SAS man-days is important. 
The conclusion from this discussion of credibility and 
precision of the shortage of SAS labor is be cautious and 
somewhat skeptical of point estimates. There are many 
components in the steps to the bottom line shortage calcu-
lation for each fiscal year, and all of them contain sampling 
errors that matter and some are of unknown magnitude. 
Fortunately, the conclusions from the shortage calculation 
and from labor and agricultural economists after examining 
all of the evidence on SAS labor market conditions agree. 
The Cost of the SAS Labor Shortage Calculation 
The costs include additional outlays of resources by 
the federal government to the USDA and USDL for carry-
ing out mandates of IRCA, other resources used by these 
and other federal agencies to administer and enforce IRCA, 
and time and cash outlays of private workers and employ-
ers. The major public sector costs are fairly well defined 
and recorded, and estimates have been obtained from 
USDA-NASS and USDL for their parts. Although the 
Economic Research Service may have incurred significant 
first program year costs and lesser amounts later, no esti-
mate has been obtained of this amount. The costs imposed 
on employers of SAS workers and on workers are distrib-
uted across relatively large members of units but seem 
likely to be significant. Heppel and Amendola (1991) and 
Kissam and Griffith (1991) document some complaints by 
employers of SAS workers due to increased cost of screen-
ing workers, keeping records, and filing reports. Some 
employers and workers, also, were required to invest addi-
tional time being surveyed by NASS, Aguirre Interna-
tional, or others due to IRCA. This is time that could have 
been productively invested in other activities. I, however, 
have not prepared or obtained an estimate of these costs of 
lRCA. 
An Assessment of the Process Underlying RAW Calculations 
The USDA-NASS and USDL were asked to estimate 
the additional resource costs associated with the RAW 
calculation during the first fiscal year of IRCA mandates. 
Appropriations to NASS for the 1986 Immigration Reform 
and Control Act (IRCA) include $1 .2 million for work 
related to the "need" estimate, with an additional $863,000 
to fund the ESA-92 Work-Day Report data collection and 
processing by the U.S. Bureau of Census.8 NASS also 
received an appropriation of $ l.85 million in fiscal year 
1991 for expanding the scope and frequency of the Farm 
Labor estimation program. The monthly and seasonal esti-
mation program was implemented in April 1991 with 
additional selected state level estimates added in April 
1992. 
For the USDL, the first shortage estimate cost about 
$1.2 million. This included developing sampling lists, hir-
ing new staff, and getting the project going in addition to 
the costs of doing the survey, analyzing the data and 
making the estimate. 
Both agencies were also asked to estimate the reduc-
tion in their costs if legislation for RAW calculations was 
not extended. For the USDA-NASS, termination of the 
IRCA program wouJd eliminate the need to fund $863,000 
per year for ESA-92 processing by the Census Bureau. 
Data collection costs would be reduced as some questions 
on the Agricultural Labor Survey (ALS) are eliminated and 
processing of IRCA summaries terminated. However, 
these savings would be very minor. The majority of the 
$1.2 million allocated was used to increase the Agricultural 
Labor Survey sample sizes and coverage for quarterly 
estimates. The funding is part of the ongoing program to 
provide quarterly labor data for all states except Alaska 
(annual only). Improving the agricultural labor estimates 
is the basis for congressional appropriation. as indjcated by 
another allocation (the $1.85 million) provided by Con-
gress to further expand the scope and frequency of labor 
data starting in 199 l. Although there is a potential minor 
savings in the $1.2 million due to eliminating the IRCA 
questions and summaries, in reality that savings has al-
ready been absorbed by increased operational costs since 
the program was initially funded in 1989. 
For the USDL, its costs would be reduced by about 
$1.2 million per year if SAS worker shortage calculations 
were no longer required. 
Thus, the annual public cost of the RAW calculation 
has been at least $3.2 million per year. Perhaps $1.2 million 
of this annual cost could be savings and used for unrelated 
8 James Wetzel at the U.S. Bureau of Census indicated that they did not incur significant costs associated with IRCA beyond the funds 
received from the USDA for processing ESA-92 forms. 
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purposes if no further SAS worker shortage calculations 
were undertaken in the future. 
Assessment of New Data Needs 
Although the possible effects of IRCA at the farm or 
grower level were quite uncertain when the legislation was 
passed, the sequence of events that have followed resulted 
in an apparent surplus labor and workers available to 
seasonal agricultural services. For example, the SAS 
worker shortage numbers suggests a surplus of SAS labor 
of about 400,000 workers for each of fiscal years 1991-93. 
In addition, the Census Bureau's estimates suggest that 
considerably less than 50 percent of 1.3 million aliens 
given SAW status actually participated in seasonal agricul-
tural services during fiscal 1990-92. If there was an in-
crease in demand for SAS, many of these SA Ws would 
appear to be available for seasonal agricultural services. 
What does this mean for future RAW legislation? One 
possibility is that no new RAW legislation be recom-
mended. In particular, SAS worker shortage calculations 
along the lines mandated by the 1986 legislation is not a 
good investment of public funds. It is too crude of a 
calculation to be useful in a seasonal agricultural labor 
market where local peak labor demand (and supply of 
labor) moves geographically over the course of a year. 
The reason why an annual SAS worker shortage esti-
mate is a poor general indicator of SAS worker shortage is 
analogous to measuring excess electrical generating capac-
ity on an annual basis. One megawatt of electrical generat-
ing capacity has the potential to generate about 8,600 
megawatt-hours of electricity per year (24 hours per day x 
360 days of operation per year). If, however, the demand 
for electrical power is 48 megawatt-hours per day during 
three summer months, 12 megawatt-hours per day for three 
months total in the spring and fall months, and otherwise 
less than 20 megawatt-hours per day, the fact that annual 
quantity demanded of electricity is less than potential sup-
ply is not sufficient evidence of surplus electrical generat-
ing capacity because the demand for electricity cannot be 
met for every instant of time during the year. Unused 
electrical generating capacity, like unused seasonal agri-
cultural services, is forever lost. They cannot be (easily) 
transferred to another point in time for use because they are 
all perishable services. These are the reasons why an annual 
SAS worker shortage estimate is a poor indicator of short-
age. 
The IRCA induced research on SAS workers has 
uncovered important characteristics of different types of 
agricultural labor. First, about 70 percent of the harvest 
labor in SAS crops is performed by SA Ws and undocu-
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mented workers. These workers have an average schooling 
completion level of about 6 years and only a very small 
share speak English (Mines et al . 1992). On the other hand, 
all U.S. farm workers have slightly less than 12 years of 
formal schooling and largely are English speaking. Thus, 
growers are very heavily dependent on low-schooling, 
foreign born, Spanish-speaking harvest labor. 
Second, unanticipated legal conflicts between the U.S. 
Justice Department and Immigration and Naturalization 
Service have blunted attempts to stop U.S. employment of 
illegal aliens. If U.S. bureaucratic conflicts were to be 
cleared away and the U.S.-Mexican border were to be 
closed to illegal immigration and the SAWs leave agricul-
ture for other jobs or retirement (as they must eventually), 
the producers of SAS crops will eventually face higher 
wage rates for labor and perhaps shortages. The H-2A 
program that came out of IRCA seems unlikely to be a 
satisfactory source of foreign agricultural labor for U.S. 
growers. These circumstances make SAS workers a politi-
cally sensitive issue, and one that probably should not be 
totally ignored. 
The Seasonal and Regional Nature of Demand for 
SAS 
Because the location of SAS crops and normal growth 
stages of these plants are affected in a major way by 
geoclimatic conditions, the demand for SAS labor has 
definite seasonal and regional dimension. The importance 
of the characteristics are elaborated in the following para-
graphs. 
First, the demand for hired farm labor is specific to a 
particular geographic location, type of crop grown, extent 
of or potential for mechanization and the area and size of 
the producing units. In particular, the timing of particular 
production stages in tree and berry crops is very sensitive 
to local geoclimatic conditions (i.e., geography and cli-
mate) including the sharpness of the peak for optimal 
harvest quality of the produce. In soft fruits and wine 
grapes there is a very short period of a few days at which 
the fruit is at its peak and significant deterioration sets in 
thereafter. Leafy green vegetables also have a short harvest 
window. For citrus and hard fruits, the length of time for 
harvesting high quality fruit is considerably longer. Also, 
the timing of harvesting is not too critical in almonds and 
walnuts. Furthermore, fruits and vegetables for fresh mar-
ket consumption must be harvested by hand. A significant 
share of fruits and vegetables for processed consumption 
can be mechanically harvested (Martin 1987). Mechaniza-
tion of tree nut harvesting is also significant. 
The growing stages of vegetables and nursery and 
greenhouse crops are less sensitive to or affected by the 
local geocLimatic conditions, and a significant share is 
grown under glass or plastic which gives much greater 
control over weather conditions. This tends to even out the 
demand for SAS labor in a particular locality and to flatten 
the peak labor demand. Furthermore, because these crops 
can be reached from the ground, workers having a wide 
range of abilities can be employed. They are also more 
easily mechanized. 
Second, a certain amount of ski ll and maturity is 
required for doing SAS labor. Harvesting of tree fruits 
requires skill using ladders and choosing ripe fruit. Also, 
ability to handle considerable weight is generally impor-
tant. Field harvesting and packing broccoli and cauliflower 
require relatively skilled SAS labor. Harvesting of table 
grapes and soft benies requires a "soft squeeze" so as not 
to bruise the fruit. A particular wrist snap is needed for 
rapid harvesting of green beans. In general, harvesting 
crops that grow close to the ground or on the ground is 
easier and less hazardous than harvesting tree crops, and 
harvest-work in these crops can make greater use of chil-
dren and women. These are some of the reasons why 
subgroups of SAS workers tend to specialize in particular 
types of SAS crop work. 
Third, the amount of work to be done in different SAS 
crops differs significantly because of the size of the crop 
and over time changes occur in demand for SAS crops at 
different rates. Table 4 presents data showing the U.S. total 
area devoted to and quantity harvested of major SAS fruit, 
nut, berry, vegetable, and nursery crops based upon data in 
the 1987 Census of Agriculture. Oranges, apples, grapes, 
and tomatoes stand out. These data give an overall indica-
tion of the relative amount of work required. 
Table 5 provides some indication of differences in the 
growth of total demand and demand for fresh consumption 
for major categories of fruit and vegetable products. The 
far righthand column of Table 5 shows post-TR CA growth 
rates in per capita U.S. consumption. Growth in per capita 
total consumption of vegetables, melons, and mushrooms 
has been a positive 5.7 percent between 1985-86 and 
1989-90 but for total fruits and benies there has been a 
reduction of 5.6 percent in per capita consumption. The 
relatively rapid growth in consumption of fresh green 
vegetables by J 7.4 percent over this period stands out as a 
very Large change. Thus, the differences in per capita 
consumption growth rates across major fruit and vegetable 
types re-emphasizes the need for taking account of differ-
ences in demand for SAS labor that are associated with 
geoclimatic conditions, but influenced by characteristics of 
the demand for final products. 
Thus, if SAS worker shortage estimates are to be 
prepared in the future, they should be regionalized because 
excess national annual seasonal agricultural services does 
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not necessarily imply an excess in each U.S. region. Sur-
plus labor in one region and point in time is permanently 
lost, but surplus workers in one region can and do move to 
where work is expected to be available in the future. 
Regionalizing RAW Calculations 
Production data by state for fruits, nuts, vegetables, 
and nursery and greenhouse crops have been examined in 
the process of defining regional groups (see Figures 3 and 
4 and Appendix A). One possibility is to divide the conti-
nental U.S. into I 2 regions. In grouping states into regions, 
a key distinction has been made between "tree crops" and 
"ground crops." The "ground crops" include all crops that 
can be harvested by workers walking on the ground (not 
using ladders). This is a somewhat unconventional classi-
fication scheme, but it warrants consideration, because of 
differences in the hazards associated with harvesting pro-
duce and prospects for mechanization. 
The Regions 
The regionaJ groups are listed in Table 6, except for 
regions X and xr. States included in re~n X are OK, AR, 
MS, and LA, and region xr containSMT, ID, WY, ND, 
SD, NE, KS, NV, UT, and CO. Note that California, 
Florida, Texas, and Michigan are treated as single-state 
regions; New York is grouped with PA, NJ, MD, and DE 
rather than with upper New England States. Vegetable 
production (ground crops) is relatively more important in 
Minnesota and Wisconsin than in Michigan (where "tree 
crops" are relatively more important), so Minnesota and 
Wisconsin are combined with several other midwestern 
states where vegetable production is aJso relatively more 
important than fruit production (see Table 6). 
The most striking feature in Table 6 is the relatively 
large area and quantity of produce harvested (and SAS 
work to be done) in CaJifornia and Florida relative to other 
regions. Region IV (OR and WA) and V (NY, PA, NJ, ND, 
and DE) are less than one haJf as large but probably next 
in regional importance. 
The Cost 
The Farm Labor reports suggest that the nationaJ peak 
in demand for seasonal agricultural services occurs some-
time during the summer months. The nationaJ demand for 
seasonal agriculturaJ services appears to be much smaller 
during the remainder of the year. Thus, meeting the sum-
mer peak seems most important. Thus, regional SAS 
worker shortages (say for the six month season April to 
September) has the potential for providing better informa-
tion on SAS market conditions. Regional estimates, how-
ever, would be more costly to obtain. 
757 
Commission on Agricultural Workers 
Table 4 - United States: Number of farms, area in orchards, vines, vegetables, and nursery crops, by 
major crops, 1987. 
Crops 
Tree Crops 
Oranges ........ . ......... .. . 
Apples . .................... . 
Grapefruit .................. . 
Peaches .................... . 
Plums ..................... . 
Lemons .................... . 
Pears ...................... . 
Cherries .................. . . 
Almonds ................... . 
Avocados .............. . ... . 
English Walnuts ............. . 
Pecans ... .................. . 
Subtotal ...... . ........... . 
GroundCrops 
Grapes .......... . . . . ....... . 
Berries .................... . 
Strawberries ............... . 
Blueberries(all) . .. . ........ . 
Raspberries ............... . 
Blackberries ....... .. ...... . 
Otherberries ............... . 
Subtotal - Grapes & Berries .. 
Vegetables, Sweet Com, Melons. 
Sweetcorn ................ . 
Tomatoes ................. . 
Green J>C<lS, excluding cowpeas. 
Snap beans ..... ..... ...... . 
Lettuce and Romain ......... . 
Cantaloups .. . ............. . 
Cucumbers ................ . 
Ory onions ........ . ...... . . 
Broccoli .................. . 
Asparagus . . .............. . 
Sweet peppers ..... . ....... . 
Subtotal ......... .. ....... . 
Nursery and Greenhouse crops, 
incl. mushrooms, and sod farms 
Source: Census of Agriculture, 1987 
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Number of 
Farms 
15,800 
36,700 
5,000 
21,000 
6,800 
1,9 15 
10,100 
10,800 
6,700 
6,902 
8,154 
21,431 
23,200 
9,398 
4,412 
4,297 
2,086 
NA 
26,004 
14,542 
7,394 
9,640 
2,200 
7,322 
7,820 
3,250 
2,821 
3,033 
7,021 
37,298 
Total area in trees, vines, etc. 
(1,000 sq.ft. 
(Acres) enclosed) 
918,700 
601,000 
189,400 
239,700 
151 ,200 
68,837 
84,247 
13 1,064 
427,700 
87,700 
213,628 
453,243 
(3, 158,500) 
833,300 
53,085 
59,216 
15,484 
6,679 
28,960 
(996,724) 
671,200 
375,500 
290,800 
289,200 
250,200 
129,800 
129,900 
115,600 
100,100 
97,335 
70,697 
(2,520,332) 
578,955 761,996 
Quantity Harvested 
(mil lb.) 
14,776 lb. 
9,291 
4,592 
2,145 
1,884 
1,795 
1,741 
632 
611 
540 
438 
174 
(38,619 lb.) 
9,911 
959 
142 
66 
33 lb. 
NA 
(I 1,111 lb.) 
(mil dol.) 
($5,501) 
($ 1,583) 
($4,698) 
$5,774 
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rable 5 - Rate of consumption and growth of consumption of fruits and vegetables in U.S., selected 
rears 1979 to 1990. 
Average per capita consumption (lb.) Percentage Change 
fype Produce 1979-80 
1ruits & Berries: 
Citrus: 
Total ........... ...... . .... . ......... . 36.5 
Fresh .... ... .. . ........... . . ... . . ... . . 26.9 
Noncitrus: 
Total ....... .. . ................. .. ... . 80.I 
Fresh .. .. . . . ..... .. . .. . ... ... .. ...... . 59.8 
Total Fruits & Berries: 
Total ..... .. . ............... .. ... . ... . 113.5 
Fresh .. .. .. . ... . ...... . ....... ....... . 86.6 
Vegetables, Melons & Mushrooms 
Green vegetables: ...... . ... . ... .. ....... . 
Total ....................... . ..... . .. . 52.5 
Fresh . . .. . . ...................... . ... . 34.3 
Tomatoes: 
Total ........ . . ........ .............. . 76.6 
Fresh .. .... .. ........ ............... . 12.5 
Potatoes, total all types ................... . 115.9 
Other vegetables, melons & mushrooms 
Total ..... . .... .. ................... . . 102.2 
Fresh ... . . .. . ........ .. ... . .... . .... . . 51.2 
Total Vegetables, Melons & Mushrooms 
Total ... .. .. . ....... ... ... ......... .. . 347. 1 
Fresh ... ... . ... . ..................... . 98.0 
Source: USDA, TFS-258 (Aug 1991) and TVS-255 (Dec 1991). 
The USDA-NASS and USDL were asked to estimate 
the cost of regionalizing SAS worker shortage calculations 
along the 12 region classification scheme presented in 
Table 6. NASS produced the following response: If the 
goal is to bring the regional precision of SAS workday 
estimates, which are typically above IO percent, to the 
current U.S. level of 4 percent, the ALS sample would 
roughly need to be six times larger. In certain regions, this 
level of sample increase still would not reduce the standard 
error to the desired level. Beside being cost prohibitive, this 
sample size would not be attainable in some regions given 
the current size limitations of the area frame sample. A 
six-fold increase in sample size would result in estimated 
precision of the economic loss and technology change 
1985-86 1989-90 
36.5 32.7 
24.1 23.9 
96.9 93.0 
78.0 72.0 
123.6 125.7 
102.3 95.9 
50.0 57.3 
33.0 39.3 
78.8 85.8 
15.4 16.0 
124.1 128.4 
116.6 119.7 
58.9 63.5 
369.4 391.1 
107.3 118.8 
1979-80 
to 1989-90 
- 11.0 
-11.4 
14.8 
18.6 
7.5 
10.2 
8.7 
13.5 
11.4 
24.7 
10.2 
15.8 
21.5 
11.9 
19.2 
1985-86 
to 1989-90 
-10.9 
-0.1 
-4.I 
-8.0 
-5.6 
-6.5 
13.6 
17.4 
8.5 
3.8 
3.4 
2.6 
7.5 
5.7 
10.2 
components of about I 0 percent and 20 percent respec-
tively, at the U.S. level. 
IRCA data are currently collected only for the quarters 
of January, April, July, and October. Ideally, to make the 
SAS worker shortage estimates for the April-September 
period, the sample would be expanded monthly to all states. 
Compilation of the monthly periods does improve the 
C.V. 's (coefficient of variation) somewhat. Only 11 states, 
however, are currently surveyed monthly or seasonally 
(April through October). 
A more realistic approach would be to achieve the 
regional precisions at the 10-15 percent C.V. level. If the 
current labor program is continued, regional annual SAS 
labor estimates from quarterly data could be provided at 
the I 0-15 percent C. V. level by about the same level of cost 
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as the $863,000 spent for ESA-92 processing. This as-
sumes the SAW man-day per worker factor, determined 
currently by the ESA-92 data, would be treated in the future 
as a constant factor (say at 85). Also, this assumes that the 
regional adjustments to prevent economic loss and changes 
in technology and personnel practices would be based upon 
U.S. indicated percent changes. The $863,000 would be 
needed to expand the sample sizes in regions where the 
current C.V.'s are often over 15 percent. 
Sampling errors for regional estimates are directly 
related to the sample size. A maximum regional C.V. level 
of 10-15 percent for most surveys seems feasible. Addi-
tional samples would be required in some regions, with the 
increase depending on the level of precision desired. A goal 
could be worked out that would hold sample increases to a 
reasonable level while providing reasonably reliable re-
gional estimates. 
The response of the USDL covered both the issue of 
how best to organize a farmworker based survey and the 
cost of conducting a survey. Two crucial elements neces-
sary to have a successful farmworker based survey are: (I) 
leadership experienced in doing farm worker surveys-
i.e., bilingual/ cultural, contacts with farmworker organi-
zations, understand difficulty of nonstandard survey 
techniques, and (2) placing the survey in an agency that is 
relatively neutral to growers and workers. Two USDL 
divisions, ILAB or ASP would be possibilities. 
The USDL does not currently have estimates of the 
sampling errors for regional estimates. They believe that 
about 220 counties (vs. present 73) in 35 states (vs. present 
25) would be necessary to get a useful regional estimate. 
The number of interviews would be about 8,000 per year. 
The cost would be about $3 million, depending on the 
details of the questionnaire and the extent of reporting 
envisioned. The survey would have to be done three times 
a year due to the seasonality of the industry. Furthermore, 
if NASS would collaborate in drawing the sample, the 
survey could be done more efficiently. 
If regional SAS worker shortage estimates are to be 
prepared in the future, the legislation and procedures 
should be changed to be in line with recommendations 
contained in the first major section of this report. A rough 
estimate of the cost of regional SAS worker shortage 
estimates would be approximately $5.0 million per year. 
The key issue is whether the benefits of better information 
on the SAS labor market outweigh the costs. This appears 
to be a decision for the Commission to make. 
Asse~ing the Potential for Good SAS and 
SAW Worker Numbers 
My analysis of this issue has been brief. It, however, 
appears that a fairly good estimate of the national number 
of SAS and SAW workers (in agriculture) could be ob-
tained by combining information together from USDA, 
USDL, and Census Bureau information. Obtaining a meas-
ure of the precision of such an estimate seems more diffi-
cult. 
The most difficult and, in my judgement, the least 
reliable number in the SAS worker calculation has been the 
estimate of "potential SAS man-days from non-SAS U.S. 
workers" (line B(iii), Table 2). A recommendation was 
made in this report for basing future estimates of a similar 
magnitude on information that could be obtained from Job 
Service applicants. When the U.S. national unemployment 
rate drops in the next strong business-cycle expansion, the 
estimate of potential man-days will drop. A "good" SAS 
worker shortage number requires a "good estimate" of 
potential SAS man-days. 
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Table 6 - Area and quantity harvested of tree crops, grapes and berries, vegetables, nursery and greenhouse crops, 1987, by proposed SAS farm 
labor regions. 
Tree Crops Grapes & Berries Vegetables Nursery and Greenhouse 
Quantity Quantity Quantity Open En dosed Quantity Total 
Acres Harvested Acres Harvested Acres Sold Acres Area Sold Aaes 
Regions (l,OOOs) (mil lb.) (l,OOOs) (mil lb.) (l,OOOs) (mil lb.) (1,000s) (mil sq ft.) (mUdoL} (l,OOOs} 
CA ........................ 1,261 11 ,763 726 9,453 775 1,851 64 164 1,412 2,829 
II FL ...................... . .. 742 15,415 6 53 312 698 86 149 823 1.145 
m TX ........ .. ... ..... .. "··· · · 204 369 4 5 202 263 30 33 239 440 
IV OR.WA ........... ......... 270 5,704 56 654 286 256 57 27 325 676 
v NY, PA, NJ .MD.DE .......... 169 l.751 65 521 353 250 67 106 774 656 
VI MI ......................... 149 1,268 29 167 139 116 22 34 216 347 
VII AL, GA, KY, NC, SC, 1N, VA, 
WV .. ...................... 319 1,400 14 38 235 270 82 (i() 587 303 
vm AZ.NM .................... 84 957 11 74 126 63 7 5 82 228 
IX MN, WI, IA, MO, IL, IN, OH ... (i() 462 11 49 726 368 95 108 652 895 
XII ME, VT, NH, CT,Rl,MA ...... 30 282 6 14 42 50 19 35 145 98 
Source: See dala in Appendix A. 
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Appendix Table A-I. California: Number of farms, area in orchards, vines, 
vegetables, and nursery crops, by major crops, 1987. 
Total area in Quantity 
Number trees, vines, etc, harvested 
Crops of farms (acres) (1,000 sq.ft . (mil lb . 
enclosed) or mil dol) 
Tree Crops 
Oranges 5,841 192' 200 3,973 lb. 
Grapefruit 1,001 21,500 581 
Lemons 1,631 47,800 1,257 
Apples 2,789 34,100 583 
Peaches 2,678 69,300 1,279 
Plums 3,588 135,900 1,791 
Pears 1 , 183 26,100 695 
Cherries 989 13,800 66 
Avocados 5,920 79,300 491 
Almonds 6, 717 427,700 611 
English Walnuts 7 , 446 210,200 435 
Pecans 316 3,200 1 
Subtotal (1,261,100) (11,763) 
Ground Crops 
Grapes 10,545 707,700 8, 717 
Berries: 
Strawberries 831 16,600 725 
Raspberries 258 1,300 8 
Blackberries 108 300 3 lb . 
Vegetables 3 , 787 774,600 $ 1,851 
Nursery and Greenhouse 
crops, incl. mushrooms, 
and sod farms 3 , 382 63,700 164,249 $ 1,412 
Subtotal (1,564,200) (164,249) 
Total 2,825,300 164,249 
Source: Census of Agriculture, 1987 
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Appendix Table A-II . Florida: Number of farms, area in orchards, vines, 
vegetables, and nursery crops, by major crops, 1987. 
Total area in Quantity 
Number t[ees, vine~. etc, harvested 
Crops of farms (acres) (1,000 sq . ft . (mil lb. 
enclosed) or mil dol) 
Tree Crops 
Oranges 7,334 571,300 10,468 lb. 
Grapefruit 3,070 138,100 3,634 
Lemons 50 2,200 1,257 
Apples 149 8,600 0.1 
Peaches 191 1,500 5 
Pears 140 100 
Avocados 554 7,700 48 
Pecans 992 12,000 2 
Subtotal (741, 500) (15,415) 
Ground Crops 
Grapes 298 1,000 l. 5 
Berries: 
Strawberries 195 3,559 51 
Blueberries 161 1,172 l lb. 
Vegetables 2,053 311, 700 $ 698 
Nursery and 
Greenhouse 4,373 85,800 149,344 $ 823 
Subtotal (403,231) 
Total 1,144,731 149,344 
Source: Census of Agriculture, 1987 
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Appendix Table A-Ill. Texas: Number of farms, area in orchards , vines, 
vegetables, and nursery crops, by major crops , 1987. 
Total area in Quantity 
Number t[e~s. vines, ~tc, ha!J!:este~ 
Crops of farms (acres) (l,000 sq.ft. (mil lb . 
enclosed) or mil dol) 
Tree Crops 
Oranges 608 15,100 116 lb . 
Grapefruit 667 23,900 208 
Apples 883 900 0.8 
Peaches 3,299 13,500 6 
Plums 872 500 0.2 
Lemons 16 
Pears 895 700 0 . 3 
Cherries 112 
Pecans 7,817 148,900 38 
Subtotal (203,500) (369) 
Ground Crops 
Grapes 844 3,900 5 lb . 
Vegetables 3,237 201,700 $ 263 
Nursery and 
Greenhouse 1,574 29,900 32 , 965 $ 239 
Subtotal (235,500) 
Total 439,000 32,965 
Source: Census of Agriculture, 1987 
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Appendix Table A· IV. Washington and Oregon: Number of farms, area in orchards, 
vines, vegetables, and nursery crops, and quantity of 
output, by major crops, 1987 . 
Total area in Quantity 
Number tt111. xln~1. 1t~. b1tu1t1~ 
Crops of faras (acres) (l,000 sq . ft. (•il lb . 
enclosed> Ot mil dol) 
Ine Ctop1 
Apples: WA 5,169 162,600 4,182 lb. 
OR 1,784 12,600 210 
Peaches : WA 542 3,100 36 
OR 465 2,000 12 
Plums : WA 391 2,200 22 
OR 563 4,100 28 
Pears : WA 2,059 25,300 576 
OR 1 , 107 19,300 399 
Cherries: WA 1,844 16,600 132 
OR 1,379 16,100 103 
English Walnuts : WA 101 
OR 532 3,000 2 
Subtotal: WA (209,800) (4,950) 
OR (57,100) (754) 
Region (266,900) (5,704) 
Ctound Crops 
Crapes : WA 929 27,900 444 
OR 619 5,200 21 
Berries : 
Strawberries - WA 211 2,700 21 
OR 487 7,900 76 
Blueberries WA 146 1,000 6 
OR 352 1,300 7 
Raspberries . WA 400 4 , 200 25 
OR 496 5,800 26 
Blackberries - WA 45 0 . 8 
OR 402 4,500 27 lb. 
Vegetables: WA 1,724 144,100 $ 129 
OR 1,529 142,200 $ 127 
Nursery and WA 1,084 28,600 9,381 $ 119 
Greenhouse : OR 1,612 28,200 17,571 $ 206 
Subtotal: WA (213,000) 9,381 
OR (195,100) 17,571 
Region (408,100) (26,952) 
Total: WA 422,800 9,381 
OR 252,200 17,571 
Region Total: 675,000 26 ,952 
Source : ~en~u~ of Agri~ultux~. 1987 
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Appendix Table A-V. NY, PA, NJ, KD, and DE: Number of farms, area in orchards, 
vines, vegetables, and nursery crops, and quantity of 
output, by major crops, 1987. 
Total area in Quantity 
Number tie~s. vines, etc, harvested 
Crops of farms (acres) (1,000 sq.ft . (mil lb. or 
enclosed) mil dol . ) 
Itee Ctops 
Apples: NY 1,726 73,200 882 lb . 
PA 2,270 38,700 487 
NJ 563 6,400 62 
MD 453 4,406 39 
DE 18 1,029 22 
Peaches: NY 421 2,600 15 
PA 959 9,900 69 
NJ 380 13,600 85 
MD 304 2,436 11 
DE 22 299 1 
PlU111s: NY 225 1,000 4 
PA 228 0.9 
NJ 41 
MD 58 76 
DE 
Pears: NY 438 3,600 26 
PA 487 1,500 11 
NJ 103 100 0 .4 
MD 85 178 . 8 
DE 
Cherries: NY 575 6,900 27 
PA 709 2,800 7 
NJ 94 100 
MD 141 273 . 7 
DE 
Subtotal: NY (87,300) (954) lb. 
PA (52,900) (575) 
NJ (20,200) (147) 
MD (7,369) (52) 
DE (1,328) (23) 
Region (169,097) (1,751) 
Ground Crops 
Grapes: NY 1, 710 36,900 343 
PA 959 11, 900 129 
NJ 167 500 2 
MD 220 485 1 
DE 19 33 
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Appendix Table A-V. (continued) 
Total area in Quantity 
Nwaber t[~~I. v1n~I. et~. b1rve1te~ 
Crops of farms (acres) (l,000 sq . ft . (ail lb. or 
enclosed) ail dol.) 
Berries : 
Strawberries • NY 594 2,400 9 
PA 882 1,900 7 
NJ 269 600 2 
MD 221 568 2 
DE 42 116 
Blueberries - NY 157 500 l 
PA 236 400 0.8 
NJ 251 7,800 24 
Raspberries - NY 300 500 0 . 7 
PA 270 300 0.3 
NJ 122 100 0 . 2 lb. 
Vegetables: NY 2 , 822 150,100 $ 49 
PA 3,399 49,500 $ 51 
NJ 1,908 72,500 $ 102 
MD 1,184 38,238 $ 28 
DE 317 43,036 $ 20 
Nursery and NY 1,795 15,500 23 , 976 $ 168 
Greenhouse: PA 2,162 17,700 56,184 $ 398 
NJ 1,408 22,000 l8,165 $ 152 
MD 578 10,364 5,996 $ 48 
DE 96 951 1,310 $ 8 
Subtotal : NY (205 , 900) 
PA (81,700) 
NJ (103,500) 
MD (49,655) 
DE (44,136) 
Region (484,891) 
Total: NY 293,200 23,976 
PA 134,600 56 , 184 
NJ 123,700 18 , 165 
MD 57,024 5,996 
DE 45,464 1 , 310 
Region Total: 653,888 105,631 
Source : Census of Agricultur~. 1987 
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Appendix Table A-VI. Michigan: NWJ1ber of farms, area in orchards, vines, 
vegetables, and nursery crops, and quantity of output, 
by major crops, 1987. 
Crops 
Tree Crops 
Apples 
Peaches 
PlUDIS 
Pears 
Cherries 
Subtotal 
Ground Crops 
Grapes 
Berries: 
Strawberries 
Blueberries 
Raspberries 
Vegetables 
Nursery & Greenhouse 
Subtotal 
Total 
NWJ1ber 
of farms 
2,516 
1,210 
543 
456 
1,690 
989 
532 
711 
375 
3,267 
1,543 
Source: Census of Agriculture, 1987 
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Total area in 
trees. vines. etc. 
(acres) (1,000 sq.ft . 
enclosed) 
73,200 
10,600 
3,900 
1,600 
59,700 
(149,000) 
11, 900 
2,900 
13,700 
900 
139,100 
21,900 34,111 
(190,400) (34,111) 
339,400 34' 111 
Quantity 
harvested 
(mil lb. or 
mil dol.) 
918 lb. 
64 
21 
11 
254 
(l,268) 
103 
15 
48 
1 lb. 
$ 116 
$ 216 
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Appendix Tabla A-VII. Appalachian and Southeut llagion: lhmber of fanu , area 
in orchards, vines, Yegetables, and nursery crops, and 
quantity of output, by aajor crops, 1917. 
Total area in Quantity 
lumbar ti:.11. :1:in11 •• ,,, barv11Ud 
Crops of fanu (acrH) (1,000 sq.ft. (all lb. or 
encloHd) all dol.) 
Tree Crops 
Apples : AL 626 1,200 5 lb. 
GA 669 3,300 29 
KY 916 3,400 18 
NC 1,186 18,000 253 
SC 321 4,800 48 
TN 1,065 3,500 16 
VA 1,160 27,900 330 
WV 586 15,600 163 
Peaches: AL 762 4,900 14 
GA 688 22,600 100 
KY 455 1,000 3 
NC 671 5,000 22 
SC 544 39 ,300 281 
TN 732 2,800 3 
VA 668 4,100 23 
WV 155 3 ,500 22 
Pecans : AL 1,986 30,700 8 
GA 3,428 121,400 69 
KY 86 200 
NC 324 1,000 0.1 
SC 436 4,400 0.6 
TN 187 400 
VA 95 100 
WV 
Subtotal : AL (36. 800) (27) 
GA (147,300) (198) 
KY (4,600) (21) 
NC (24,000) (296) 
SC (48,500) (281) 
TN (6,700) (20) 
VA (32,100) (372) 
WV (19,100) (185) 
Region (319,100) (1,400) 
Ground Crops 
Grapes : AL 257 300 0.2 
GA 341 1 ,000 2 
KY 185 
NC 286 1,200 5 
SC 144 600 1 
TN 322 500 0.8 
VA 330 1,500 7 
WV 189 100 0.2 
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Appendix Table A-VII. (continued} 
Total area in Quantity 
Number tt~~I. v1n~1. ~tc, banHt~2 
Crops of faras (acres) (l,000 sq . ft. (mil lb . or 
enclosed} mil dol.) 
Gtound C[op1 Ccont1nuegl 
Berries : 
Strawberries - AL 38 100 0.3 
GA 26 0.1 
KY 392 600 2 
NC 427 l,300 4 
SC 84 300 1 
TN 312 700 2 
VA 274 800 2 
'WV 102 100 0 . 3 
Blueberries - AL 83 200 0 .4 
GA 256 l,700 3 
KY 22 
NC 185 3,000 7 
SC 82 200 0.4 
TN 58 100 0.1 
VA 56 100 0.2 
'WV 
Vegetables : AL l,365 22,600 $ 19 
GA 1,958 63,200 $ 60 
KY 1 , 697 6,500 $ 39 
NC 3,023 57,600 $ 54 
SC 1 , 265 31,000 $ 39 
TN l,300 25,400 $ 24 
VA l,203 27,000 $ 34 
'WV 306 1,500 $ 1 
Nursery and AL 546 13,000 10 , 312 $ 104 
Greenhouse : GA 646 12,600 7,785 $ 95 
KY 432 4 , 300 3,879 $ 27 
NC 1,525 10 , 300 16,476 $ 113 
SC 400 5 ,900 4,102 $ 57 
TN 1,002 23,600 8,536 $ 109 
VA 736 10 ,300 8,065 $ 72 
'WV 185 2,300 479 $ 10 
Subtotal: AL (36,200) (10,312) 
GA (77,000) (7,785) 
KY (11,400) (3,879) 
NC ( 73,400) (16 ,476) 
SC (10,100) (4 ,102) 
TN (50,300) (8 , 536) 
VA (39,700) (8 ,065) 
'WV (4,000) (479) 
Region (302,100) (59,634) 
774 
ppendix Table A-VII. (continued) 
.rops 
Total: AL 
GA 
KY 
NC 
SC 
TN 
VA 
w 
Region Total: 
Nuaber 
of f anu 
Source: C•DIUI of Asricultµre, 1987 
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Total area in 
trees. yines. etc. 
(acres) (1,000 sq . ft. 
enclosed) 
73,000 10,312 
224,300 7,785 
16,000 3,879 
97,400 16,476 
58,600 4,102 
57,000 8,536 
71,800 8,065 
23,100 479 
621,200 59,634 
Quantity 
baryested 
(•11 lb. or 
•il dol.) 
ns 
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Appendix A-VIII . Arizona and Nev Mexico : Number of faras, area in orchards, 
vines, vegetables, and nursery crops, and quantity of output, 
by major crops, 1987. 
Crops 
Tree CroH 
Oranges : AZ 
NM 
Grapefruit: AZ 
NM 
Leaons : AZ 
NK 
Apples: AZ 
NK 
Peaches : AZ 
NK 
Pluas: AZ 
NM 
Pears : AZ 
NK 
Pecans : AZ 
NM 
Subtotal : 
Ground Crops 
Grapes : AZ 
NK 
Vegetables : AZ 
NK 
Nursery and AZ 
Greenhou.e : NM 
Subtotal : AZ 
NM 
AZ 
NK 
Number 
of faras 
337 
247 
209 
224 
666 
126 
227 
48 
59 
61 
93 
295 
811 
Region 
90 
135 
328 
475 
211 
157 
Region 
Total : AZ 
NM 
Region Total: 
Source : Census of A&riculture, 1987 
Total area in 
trees. vines . etc . 
(acres) (l,000 sq.ft . 
enclosed) 
12,100 
5,900 
16,800 
4,900 
3,100 
900 
200 
100 
100 
17,800 
22,400 
(58,500) 
(25,700) 
(84,200) 
8 , 500 
2, 300 
94,800 
30 , 700 
5,000 2,415 
2,200 2,837 
(108,300) (2 ,415) 
(35,200) (2,837) 
(143,500) 
166,800 2,415 
60 , 900 2,837 
227,700 5 , 252 
Quantity 
harves ted 
(ail lb. or 
au dol.) 
217 lb . 
170 
493 
25 
11 
2 
0 . 2 
0 . 1 
0 . 1 
16 
23 
(923) 
(34) 
(957) 
67 
7 lb . 
$ 14 
$ 49 
$ 61 
$ 21 
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Appendix Table A-IX. Midwest and Upper Midwest : NUllber of fanu, area in 
orcharcb, vines , vegetables, and nursery crops, and 
quantity of output, by aajor crops, 1987. 
Total area in Quantity 
NUllber t[lll. X1Dll1 It,. b1rve1t1d 
Crops of faras (acres) (1 ,000 sq.ft . (ail lb . or 
encloHd) •11 dol . ) 
Trtt C[op1 
Apples : KN 411 9,900 67 lb. 
VI 856 4,700 24 
IA 458 2,488 11 
KO 673 5.891 52 
IL 824 8,705 85 
IN 705 5,951 60 
OH 1,614 14,386 124 
Peaches : KN 
VI 36 
IA 114 41 
KO 458 2,799 10 
IL 359 2,514 16 
IN 266 961 3 
OH 630 1,626 10 
Subtotal: KN (9,900) (67) 
VI (4,700) (24) 
IA (2,529) (11) 
KO (8,690) (62) 
IL (11,219) (101) 
IN (6, 919) (63) 
OH (16,012) (134) 
llegion (60,039) (462) 
Groynct C[op1 
Grapes: KN 195 200 
VI 108 100 
IA 169 67 
KO 361 1,516 5 
IL 233 136 
IN 227 289 1 
OH 627 2,457 19 
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Appendix Table A-IX. (continued) 
Total area in Quantity 
Number tt§§I, v1n§1, §t~. bln!:Ht§d 
Crops of faras (acres) (1,000 sq.ft. (ail lb. or 
enclosed) ail dol.) 
lerries: 
Strawberries 
- KN 229 800 3 
WI 292 1,300 5 
IA 188 394 1 
KO 264 416 1 
IL 291 914 3 
IN 319 993 3 
OH 545 1,811 11,339 8 lb. 
Vegetables : KN 3,319 207,300 $ 63 
WI 4,177 326,900 $ 120 
IA 596 8,694 $ 8 
KO 849 16,241 $ 9 
IL 1,466 78,231 $ 50 
IN 1,203 32,387 $ 34 
OH 2,105 55,985 $ 84 
Nursery and KN 1,543 21,900 34,111 $ 57 
Greenhouse: WI 718 10,500 7,819 $ 66 
IA 357 5,007 4,519 $ 35 
KO 515 7,184 5,689 $ 58 
IL 805 24,266 14,019 $ 161 
IN 647 7,650 10,534 $ 66 
OH 1,532 18,980 31,465 $ 209 
Subtotal: MN 5,286 (230,200) (34, 111) 
WI 5,295 (338,800) (7,819) 
IA 1,310 (14,162) (4,519) 
KO 1,989 (25,357) (5,689) 
IL 2,795 (103,547) (14,019) 
IN 2,396 (41,319) (10,534) 
OH 4,809 (79,233) (31,465) 
l.egion (832,616) 
Total: HM 240,100 
WI 343,500 
IA 16,691 
KO 34,047 
IL 114,136 
IN 41,231 
OH 95,245 
Region Total : 190,200 101,156 
Source : ~n1111 2f A11:imalw1:1. 1917 
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Appendix Table A-XII . New England: Number of farms, area in orchards, vines, 
vegetables, and nursery crops, and qWlntity of output, 
by aajor crops, 1987 . 
Crops 
Tree Crops 
Apples: 
Peaches: 
Plums : 
Pears: 
KE 
VT 
NH 
CT 
RI 
KA 
KE 
VT 
NH 
CT 
RI 
KA 
KE 
VT 
NH 
CT 
RI 
KA 
KE 
VT 
NH 
CT 
RI 
KA 
Subtotal : KE 
Gr ound Crops 
Grapes: 
Berries: 
VT 
NH 
CT 
RI 
KA 
Region 
KE 
VT 
NH 
CT 
RI 
KA 
Strawberries - ME 
VT 
NH 
CT 
RI 
KA 
NU11ber 
of farms 
386 
217 
209 
272 
72 
526 
28 
6 
35 
108 
28 
186 
27 
13 
14 
15 
36 
17 
27 
79 
79 
22 
32 
55 
18 
87 
163 
80 
96 
125 
26 
213 
Total area in 
trees. yines. etc. 
(acres) (l,000 sq.ft . 
7,293 
4, 728 
3,694 
3,841 
623 
8,415 
31 
88 
521 
95 
484 
17 
6 
4 
14 
26 
19 
36 
470 
149 
(7,341) 
(4 , 753) 
(3,822) 
(4,846) 
(718) 
(9,074) 
(30,554) 
6 
26 
229 
97 
251 
588 
167 
219 
458 
112 
372 
enclosed) 
Quantity 
harvested 
(•il lb or 
.u dol . ) 
71 lb . 
44 
38 
34 
5 
76 
.5 
3 
2 
4 
.5 
(71) 
(44) 
(42 . 5) 
(41) 
(5) 
(78 . 5) 
(282.0) 
2 
0 . 5 
0 . 6 
2 
0.8 
0.9 
2 
0.5 
2 
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Appendix Table A-XII . (continued) 
Total area in Quantity 
Number t~~~i. v1n~1. etc. b1a:ut~sl 
Crops of farms (acres) (l,000 sq.ft. (mil lb. or 
enclosed} •il dol.) 
Berries (continued) : 
Blueberries - ME 110 2,426 2 
VT 26 67 
NH 49 111 
CT 78 272 0 . 6 
RI 18 49 
MA 159 370 0.5 l b. 
Raspberries - ME 104 100 
VT 55 40 
NH 78 
CT 49 77 
RI 13 
MA 133 94 
Vegetables: ME 509 9, 727 $ 8 
VT 203 2 ,038 $ 3 
NH 283 3,047 $ 3 
CT 451 8,608 $ 9 
RI 99 1,947 $ 2 
MA 1,008 16,325 $ 25 
Nursery and ME 370 716 1,661 $ 12 
Greenhouse: VT 197 456 813 $ 3 
NH 217 1,323 1 , 998 $ 11 
CT 484 8,704 19,131 $ 62 
RI 121 4,121 890 $ 11 
MA 824 3,208 10,067 $ 46 
Subtotal : ME (13' 557) (1,661) 
VT (2,774) (813) 
NH (4, 726) (1,998) 
CT (18,348) (19,131) 
RI (6,326) (890) 
MA (20,620) (10 ,067) 
Region (66,351) (15,429) 
Total : ME 20,898 1,661 
VT 7,527 831 
NH 8,548 1,998 
CT 23,194 19 , 131 
RI 7,044 890 
MA 29,694 10,067 
Region Total : 96,905 34,578 
Source : Census of Agriculture, 1987 
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Appendix I. 
Table 4. Equations for SAS Days Worked and the Exit Rate 
The equation for SAS days worked is: 
12 3 9 .. 
., """ N11'& Yq., NIJt 1J • L.J L.J L..J -•--•-•L;, 
i=lt=lk=4 Nii' Nii., Nil 
where, 
N = the sum of the sample weights 
Y = SAS days worked 
L = amount of labor 
i = NA WS region 
j = type of worker (entrant, stayer, exiter) 
k = interviewing cycle 
m = Fiscal year 
t = Trimester 
Once the SAS days worked is obtained, the exit rate is calculated as: 
where, 
c = entrant 
s = stayer 
x = exiter 
and all other variables are the same as above. 
Source : Aguirre Internation, Sept. 1991 (S. Gabbard) . 
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